Summary In a population-based study, causes of death were traced of 418 deceased breast cancer patients diagnosed in 1960-1979 who survived at least 10 years after diagnosis. The pattern of causes of death in these patients was compared with the general female population using standardized mortality ratios (SMRs). Of 418 patients surviving at least 10 years, 196 (47%) died from breast cancer and 50 (12%) died from another cancer. The SMR for breast cancer was 15.8 (95% CI: 13.1-18.8) 10-14 years after diagnosis; it was still 4.7 (95% CI: 2.6-7.8) after 20 years. Overall mortality was higher than expected 10-14 years after diagnosis (SMR: 1.3; 95% CI: 1.1-1.5), but lower after more than 20 years (SMR: 0.6; 95% CI: 0.4-0.7). Despite a normal (or even improved) life expectancy for breast cancer patients 20 years after diagnosis the risk of dying from this disease remained elevated.
Prognosis for breast cancer patients has improved over the past few decades; relative 10-year survival rates increased from 47% for patients diagnosed in [1970] [1971] [1972] [1973] [1974] to 61% for patients diagnosed in 1980 (Nab et al, 1994a . Studies in the UK, Sweden, New Zealand, and The Netherlands found that about 20 years after diagnosis the life expectancy of patients with breast cancer resembles that of the general population (Brinkley and Haybittle, 1975; Hibberd et al, 1983; Rutqvist and Wallgren, 1985; Fentiman et al, 1994; Nab et al, 1994b ), suggesting that patients can then be considered cured. However, breast cancer recurrences or metastases may develop decades after initial diagnosis and treatment (Hibberd et al, 1983; Nab et al, 1994b ) and a higher death rate due to breast cancer has been reported up to 40 years after diagnosis (Rutqvist and Wallgren, 1985) .
Since the age-adjusted incidence rate in Southeast Netherlands, as in many other Western countries, has doubled since 1960 (Nab et al, 1993) and prognosis has improved, the number of long-term survivors of breast cancer has increased markedly. However, it remains unclear whether these patients should still be considered at increased risk of being affected by breast cancer, even though this is important for follow-up surveillance and the natural history of breast cancer.
In the present population-based study, we investigated mortality of breast cancer patients who had survived at least 10 years after diagnosis, comparing this with that of the general population by calculating standardized mortality ratios (SMRs).
METHODS
Data on diagnosis, stage of disease, and treatment were obtained from the population-based Eindhoven Cancer Registry, which has collected data on new cancer patients since 1955 according to international guidelines (Parkin et al, 1997) . The registry covers an area of 2500 km 2 in Southeast Netherlands with a population of almost one million inhabitants. The data on first and second primary breast tumours were obtained, after notification by pathologists, from pathology reports, hospital records, and the regional Radiotherapy Institute. Access to specialized care was good during the whole period.
Medical registration of causes of death in the Netherlands is similar to that in many other countries, according to WHO guidelines. The attending physician must report the underlying cause of death. Statistics Netherlands assigns a code for the underlying cause of death according to the International Classification of Diseases, ninth revision (ICD-9) (World Health Organisation, 1977) . If any other medically relevant information is mentioned on the death certificate, the secondary cause of death is also recorded. The anonymous cause-of-death register, maintained by Statistics Netherlands, is listed per municipality according to sex and age (derived from date of birth and date of death).
Patients were tracked by the Central Bureau of Genealogy in order to obtain the unique death certificate number. Statistics Netherlands was provided with a list, according to municipality of death, the date of birth, date of death and death certificate number (when available). The data were obtained at an aggregate level fit for data analysis.
All 1460 patients diagnosed with breast cancer in 1960 through 1979 who survived at least 10 years after initial diagnosis were selected for the present study. Follow-up was completed until 1.1.1994, when 487 long-term survivors had died. The causes of death of those patients who survived at least 10 years but died in Excess mortality from breast cancer 20 years after diagnosis when life expectancy is normal 1970-1979 (n = 47) were not traced, because of the high search costs per year and the low yield. For 22 patients the cause of death could not be traced. Consequently, observed causes of death are presented only for 418 patients.
In the analysis, intervals of follow-up (10-14, 15-19 and 20 years or more) were distinguished. Causes of death were grouped together according to major disease categories. SMRs were calculated for comparison of causes of death in the study population with the general female population. In this person-years type of analysis, the ratio of the observed (O) and expected (E) numbers of deaths was determined. Time at risk began at the date of diagnosis and ended at the date of death or the end of the follow-up period (1.1.1994), whichever occurred first. Taking into account the person-years of observation in the cohort (by age and calendar period), expected numbers of death were computed using age-, and calendar-period-specific cancer death rates from the area of the Eindhoven Cancer Registry. The confidence limits of SMR were obtained with the use of the Poisson distribution of observed numbers (Pearson and Hartley, 1976) . SMRs were calculated for all patients together and separately by follow-up interval. Table 1 according to period of diagnosis. Adjuvant primary radiotherapy was administered to 53% of patients with localized tumours and 84% of those with regional or distant disease. Only 11 patients received adjuvant systemic therapy, 9 of whom had regional or distant disease at the time of diagnosis, one had a T4 tumour and in one patient tumour stage was unknown.
RESULTS

Clinical characteristics are presented in
Of all 418 patients surviving for at least 10 years after diagnosis 196 (47%) died from breast cancer and 50 (12%) from another cancer (Table 2 ). In another 13 cases breast cancer was recorded as secondary cause of death.
Among those who survived 10-14 years after initial diagnosis the observed number of total deaths was higher than expected (SMR: 1.3; 95% CI: 1.1-1.5) ( Table 3 ). The risk of dying from breast cancer was almost 16 times higher than expected (13.1-18.8). In the patients who survived 15-19 years the SMR for all causes of death was 1.0, with an excess risk of dying from breast cancer (SMR: 11.0; 95% CI: 8.3-14.3). For those patients surviving more than 20 years the observed number of total deaths was lower than expected (SMR: 0.6; 95% CI: 0.4-0.7), but the risk of dying from breast cancer was still almost 5 times higher than expected (95% CI: 2.6-7.8).
The distribution of patients dying from cancer other than breast cancer is shown in Table 4 . High, but not statistically significant, SMRs were observed for small bowel and brain tumours and low SMRs for cancer of the stomach, larynx and lung. Another cancer was the secondary cause of death for another 9 patients, of whom 4 had female genital cancer. Patients who died from breast cancer after 10 years were generally younger at diagnosis and at death than those who died from other causes (Table 5 ). Among patients with localized disease the proportion who died from breast cancer equalized to the proportion dying from other causes, until 20 years after diagnosis. Patients diagnosed with regional disease were more likely to die from breast cancer 10-14 years after diagnosis, whereas the proportion dying from other causes became higher thereafter.
A second primary breast tumour was present in 131 of the 1460 patients (9%). For 76 women with a second breast tumour the cause of death was unknown because the patients were still alive at 1.1.94 (n = 67), died between 1970 and 1979 (n = 5), or the cause of death could not be traced (n = 4). For 55 patients with a second breast tumour the cause of death was known: 39 (71%) died from breast cancer and 16 died from other causes.
DISCUSSION
Breast cancer patients who have survived 20 years or more after diagnosis and are presumed to have a normal life expectancy were still at a 5-fold increased risk of dying from breast cancer. Mortality from other causes was lower.
Registration of cause of death in the Netherlands is similar to that in other countries, according to WHO guidelines. Could overreporting of breast cancer as the underlying cause of death explain the excess death risk? We think that rather this tendency, if present, declines with the duration of follow-up. Breast cancer would tend only to be reported if there was clear progression in the disease or a second breast cancer had occurred. We found that in 39 (71%) of the 55 patients who had developed a second primary breast tumour, the death was attributed to breast cancer. Fentiman et al (1994) found that 10% of patients surviving more than 20 years since diagnosis of the first tumour died from metastases from contralateral cancer and late deaths from breast cancer were due to new tumours rather than a late manifestation of slowgrowing metastases. Of the 51 such patients in our study, 11 (22%) developed a second breast tumour, 7 of whom died from the disease. A total of 14 long-term survivors died from breast cancer ( Table 2) . So if the 7 deaths in those with a second primary tumour were caused by this second tumour, the other 7 deaths due to breast cancer (50%) resulted from progression of the initial disease.
Irrespective of whether late death from breast cancer was due to metastasis from the initial tumour or from a second primary, the question remains whether excess death from breast cancer can be prevented by longer regular surveillance or better treatment. Routine follow-up by physical examination and an annual or biannual mammography would be sufficient to detect recurrences or a second primary tumour (Rutgers et al, 1989) . More importantly, overall mortality in patients who survived over 20 years after initial diagnosis became lower than in the general population. Even if those deceased patients of whom the cause of death was not traced (n = 69) were added to the observed number of deaths the SMRs for overall mortality remained roughly the same (SMR: 1.5, 1.1, and 0.7 for those surviving 10-14 years, 15-19, and ≥ 20 years, respectively).
Patients diagnosed before the age of 50 were more likely to die from breast cancer than from other causes. Proportional mortality from breast cancer is clearly related to age at death (Philips et al, 1999) . At younger ages women are less likely to die from other causes, so that the proportion dying from breast cancer is relatively high. We took account of this by calculating standardized mortality rates, but breast cancer mortality remained higher than expected. We also checked whether misclassification of cause of death in the oldest elderly may have affected the high death rates from breast cancer. However, we found that the percent of patients who died from breast cancer was actually lower in the 85+ group than in the total study-population. (46) 56 (42) 76 (58) 14 (27) 37 (73) 
